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WHAT CAN BE DONE TO MAKE THE STUDY OF 
PHYSICS A BETTER "TRAINING FOR POWER?" 1 

Within the last few years — and especially within the last 
few months — we have heard much talk about "training for 
power," about the "development of the individual," about 
"democracy of studies" — in short, we have heard much about 
the "new education." 

My experience is that the suggestions contained in these 
glowing generalities meet with almost universal approval. It is 
only when we come to the executive part of our work, to the 
details of programs of study, and to methods of actual instruc- 
tion that we find serious differences of opinion. And, for those 
of us who are engaged in active teaching, the really serious 
part of our work lies in the improvement of these very details 
in our own class room and laboratory. It is to some of these 
minor matters, indeed, that I invite your attention. But first, 
a word concerning the general aim of science teaching. The 
classicist makes the strongest possible defense of the high 
position which the ancient languages occupy in modern cur- 
ricula when he sends forth from his instruction men who can 
do more than understand illusions to Grecian mythology or 
explain classical references — that is to say, men who can pro- 
duce literature. And by the same standard would I judge the 
effectiveness of science teaching. In general that method is 
best under which the student develops the highest ability in 
clear and independent thinking, and under which we obtain the 
largest amount of original scientific output. 

A question which I have asked myself many times, and the 
one which I now wish to propose for discussion, is this : How 
can we alter recitations, demonstrations, and laboratory exer- 
cises so that our students may acquire more power and acquire 
it more readily? What changes can we make that will increase 

1 Being a paper read before the Teachers of Physics in the Chicago High Schools, 
May 8, 1900. 
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the productiveness of our students as evinced by good thinking 
in other departments and in after years ? What, in short, ought 
we to do that we are not now doing, in order that the mature 
man may look back to his course in physics as a source of inspi- 
ration, as work in which his judgment was trained, and work in 
which he discovered good method. 

Whether the short and simple answer which I shall give to 
the query applies to any subject other than physics, I cannot 
say. That it applies equally well to both college and high- 
school instruction in physics, I feel reasonably certain. 

Briefly, then, my proposal is this : that we make the presenta- 
tion of physics more elementary. Not necessarily easier, not neces- 
sarily more difficult ; but more elementary. Not necessarily more 
profound ; certainly not more superficial ; but more simple. 

May I illustrate by comparing the methods by which the 
average lad is introduced on the one hand to Latin and on the 
other hand to physics. The student who is just entering upon 
the study of classical literature does so under an instructor who, 
whatever else may be said of him, believes in the unity of his 
subject. For him Latin literature is a single subject. He is in 
essential agreement with other Latinists as to what are the 
masterpieces of Latin literature and as to what is the best 
method of approaching them. 

The same lad takes up physics, probably, under one of the 
four following types of instructors : 

He may begin with a man who thinks that physics consists 
of half a dozen different things — a man to whom physics is a 
pot-pourri of mechanics, heat, sound, light, electricity, and mag- 
netism. 

Or, secondly, the tutor may believe that physics deals with 
two subjects only — matter and energy; but in this case the 
chances are, ten to one, that this same teacher will refuse to act 
upon his professed belief when it comes to actual instruction. 
More than likely he holds that, with beginning students, physics 
must unavoidably be presented as six or more different subjects. 

Or, thirdly, the student may meet a type of teacher according 
to whose creed physics is divided into two parts ; the one being 
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theoretical and philosophical, and adapted to beginning stu- 
dents ; the other being experimental, and adapted to engineers 
and investigators. This type is exemplified in a prominent east- 
ern college, where sophomore physics is presented almost entirely 
from the text-book and blackboard. 

Still a fourth type of instructor will tell the beginner that 
theoretical physics is not for the tyro ; but must be postponed 
until he is well grounded in experimental facts and experimental 
methods. 

Such diversity of opinion would not be unnatural in a new 
and imperfectly developed science ; but elementary physics can 
hardly be admitted to this category, since most of our laboratory 
experiments in electricity and light are more than fifty years 
old, and nearly all the others were performed more than one 
hundred years ago. Let us admit, however, that this radical 
difference of method is not an unmixed evil ; the conclusion is 
still forced upon us that we, as teachers of physics, stand in 
strong contrast to teachers of the classics ; and, further, that he 
who believes physics to be made up of a variety of different 
subjects must find his students in danger of acquiring a variety 
of different methods, and failing to acquire what is more valuable 
than all, namely, good method. 

It is equally certain that he who presents some five or six 
different subjects under the title of physics can never make his 
presentation either simple or elementary ; the treatment is bound 
to be complicated ; it is likely to be superficial. I have seen 
courses in which the very foundation stones of the science were 
left out, either because the teacher did not happen to be inter- 
ested in them, or because, forsooth, his laboratory was not 
adapted to their illustration — valid reasons, perhaps, did not the 
whole superstructure of thermal, optical, and electrical phe- 
nomena rest upon these very stones. 

Assuming the necessary scholarship on the part of the teacher, 
I should place, then, as a first essential for an elementary pre- 
sentation of physics, a profound faith in the unity of the subject. 

Let us for a moment return to the lad who has just taken up 
Latin. He begins with, perhaps, the omission of w from the 
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alphabet, he meets the first declension, practices on a few easy 
phrases, learns the first conjugation, passes on to the more diffi- 
cult paradigms and sentences, and finally reaches that great stone 
wall, the Latin subjunctive. He now has the key to Latin liter- 
ature ; a key which he can use in later years without unlearning 
what he has already learned. He takes a new volume and finds 
that his previously acquired knowledge is here perfectly appli- 
cable ; or, if he enters college, he takes up his Latin at the same 
point where he left off in the high school. 

Let us now consider the case of the boy who has just begun 
physics and has completed one year ; it may be in the high 
school, it may be in college. He wishes to pursue the subject 
further. The contrast with the Latin student is painful. For 
the student of physics, nine times out of ten, finds that he has 
to begin again at the beginning and retrace all his steps in a 
different way. This unfortunate, time-wasting state of affairs 
was probably brought about by the fact that the young man was 
allowed to begin physics with vague notions concerning force 
and energy, with loose definitions of molecules and atoms — defini- 
tions, indeed, that do not define. He has been allowed to 
imagine that he understands such complex ideas as acceleration 
and momentum, when he does not have any clear grasp of the 
simpler ideas upon which they depend, viz., position, speed, and 
velocity. He has been allowed to study electrical forces and 
electrical machinery, without any clear -grasp of the simplest 
principles of ordinary mechanics. He must disabuse his mind 
of the idea that he can find out anything of value concerning 
the nature of light without previously learning something of the 
nature of wave motion. These facts are typical, not universal. 
They tell us why so much work in physics has to be done a 
second time, and why the beginner thinks physics a very com- 
plicated subject. 

What I advocate is the demonstration, the adoption, and the 
constant use of a few, perhaps four or five, general experimental 
principles. It is not enough for a teacher to believe in the con- 
servation of matter and energy, or to believe that the potential 
energy of a system tends to become a minimum. It is not 
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enough even that he state these principles while considering the 
subject of mechanics. The subject of physics will become 
simple and unified only when these principles are in daily use 
throughout the study of the phenomena of hydrostatics, heat, 
capillarity, electricity, and magnetism. 

I trust I am not so visionary as to think that the whole of 
physics can be explained on these three principles alone. Nor 
am I so unmindful of the experimental foundation of physics as 
to think that we are teaching a deductive science. The few 
general principles which are to unify the study must, therefore, 
be experimentally demonstrated in such a way as to leave no 
doubts in the mind of the student regarding either their meaning 
or their validity. 

The following facts include perhaps nine tenths of all the 
phenomena ordinarily studied in the high school : 

1. The conservation of matter. 

2. The conservation of energy. 

3. The tendency of the potential energy of a system to 
become a minimum. 

4. Newton's laws of motion. 

5. The general principles of wave motion. 

When presented in this way the subject becomes simpler the 
longer it is pursued. But when presented as different and inde- 
pendent subjects, each new one adds to the complication of the 
whole. When the work is presented as a unit, each new group 
of phenomena serves merely as an illustration of these few gen- 
eral principles. Imperfectly understood phenomena cannot be 
easily classified, and are therefore ill adapted to elementary 
training for power. Such phenomena have only informational 
value. When Davy discovered metals in potash and soda some 
Aberdeen professor remarked of him, "This ane Davy is a vera 
troublesome person in chemistry." Newly discovered — and 
therefore more or less recondite — phenomena presented to 
minds not yet familiar with fundamental phenomena may pro- 
duce all the bewilderment of a new discovery, but can hardly 
confer power to make a new discovery. 

As a second essential for making physics elementary I would, 
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therefore, recommend the adoption and constant use of a few 
fundamental principles throughout the entire year's work, 
explaining the phenomena of light, heat, sound, and electricity 
as nearly as possible in terms of these new principles. 

I pass now to a third essential, and one in which the indi- 
viduality of the teacher comes into strong prominence, namely, 
a logically consecutive presentation. That the subject-matter 
of physics should be presented in an orderly and carefully 
chosen sequence is a proposition so palpably true that I have 
never heard any one deny it. The plain facts are, however, 
that we find the most incongruous phenomena discussed on the 
same page, and topics totally unrelated — if such were possible — 
discussed in one and the same class exercise. Jumping about in 
this capricious manner can give only a shallow acquaintance 
with the facts and absolutely no training in consecutive thought, 
no "training for power." 

Let us, then, not omit any effort to put ourselves in touch 
with the previous experience of the student, and to build upon 
this a superstructure the entire plan of which has been carefully 
drawn up before the school year opens. Let us not hide behind 
any text-book, but rise above it, and teach the subject, on some 
logical plan either of adoption or of our own invention. 

And this leads to a fourth essential for simplicity in teaching 
physics, viz., a more profound scholarship on the part of the 
instructor. One may be ever so keen in handling students, but 
unless he can rise above the trammels of a text-book there is no 
hope for his ever making physics simple, and no hope for his 
ever making it a real training for power. 

In my own experience, I recall many chapters in physics the 
presentation of which I omitted on account of their complexity 
as I then thought. Among these subjects were elasticity, diffrac- 
tion of light, capillarity. But never a year has passed that some- 
thing of this kind has not cleared itself up, by more study on my 
part, so that now I am able to present it to my students in a vastly 
simpler and clearer way than ever before. The complexity 
which I had assigned to the subject proved later to be nothing 
but my own uncertain grasp of the subject. As a young physicist 
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at Baltimore once remarked, when asked his opinion concerning 
a certain book, " It is much easier to explain a matter to others 
when you understand it yourself." Dependence upon the words 
of the text, and reckless ideas concerning molecules and atoms 
are, I fear, responsible for much of the learning that has to be 
unlearned. If this diagnosis be true, one remedy, at least, will 
occur to every one, namely, better preparation, and hence better 
pay, for the teacher. 

Fifthly, and lastly, I wish to ask whether much cannot be 
done to simplify the subject of physics by bettering the equip 
ment of our laboratories. An experimental science cannot be 
taught without experiments ; and if a young man is to instruct 
himself by means of experiment, his apparatus must be capable 
of doing with certainty and with accuracy the work expected of 
it. Not only so, but this apparatus must be supplied in duplicate, 
in order that as many students as possible may work on one 
experiment at one time, thus saving a vast amount of teaching 
energy and giving the students all the benefit — too often under- 
estimated — which comes from a frank and free interchange of 
ideas concerning the problem in hand. 

From the variety of apparatus employed, from its quantitative 
character, and from its comparative permanence, we may fairly 
expect a physical laboratory to cost at least as much as any 
other two laboratories. If physics is to be taught as effectively 
as biology is taught, we must expect an outlay two or three 
times that required for biology. Is not the same statement true 
concerning the comparative cost of physics and of chemistry ? 

In the matter of expense, physics enjoys an unenviable repu- 
tation. In point of difficulty for the student, it enjoys a still 
more unenviable reputation. It may be fairly doubted whether 
these two facts are totally disconnected. 

When school boards and boards of trustees furnish better 
equipments, may we not hope to see much poor teaching by the 
teacher replaced by good teaching of the student by himself ? 
For, after all, the main object of the laboratory is to make the 
student his own instructor — in short, to develop power by 
exercise. 
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In conclusion, I recapitulate by asking whether we may not 
look in the following directions for improvement in the training 
which physics offers for the cultivation of sound judgment and 
clear thinking, viz.: 

1. Can we not teach physics as one subject, rather than 
many? 

2. Can we not vastly simplify the subject by referring all 
our explanations to a few thoroughly established experimental 
principles ? 

3. Can we not present the entire science in a more logically 
consecutive manner? 

4. Can we not bring to bear upon it more scholarship? 

5. Can we not secure for it better material equipment ? 

Henry Crew 

Northwestern University 
Evanston 



